This paper puts forward a framework for evaluating the effects of governmental decentralization on the shadow economy and corruption. The theoretical analysis demonstrates that decentralization exerts both a direct and an indirect impact on the shadow economy and corruption. Firstly, decentralization helps to mitigate government-induced distortions, thus limiting the extent of corruption and the informal sector in a direct way. Secondly, in more decentralized systems, individuals have the option to avoid corruption by moving to other jurisdictions, rather than going underground. This limits the impact of corruption on the shadow economy and implies that decentralization is also beneficial in an indirect way. As a result, our analysis documents a positive relationship between corruption and the shadow economy; however, this link proves to be lower in decentralized countries. To test these predictions, we developed an empirical analysis based on a cross-country database of 145 countries that includes different indexes of decentralization, corruption and shadow economy. The empirical evidence is consistent with the theory.
Introduction
This paper intends to cast light on the relationship between decentralization, corruption, and the shadow economy. Corruption and shadow economies are pervasive and significant around the world and are widely believed to constitute a major obstacle to economic and social development. At the same time, they are two related phenomena that prove to affect and reinforce each other, as countries characterized by high levels of corruption also exhibit larger informal sectors. This is probably due to the fact that they share common roots: they are both illegal, are deeply rooted in cultural and social attitudes, and represent a consequence of inefficient and low-quality governments.
For these reasons, a more in-depth understanding of the causes and the channels of the relationship between corruption and shadow economies deserve particular attention, especially in relation to the debate over institutional design, such as, for example, the optimal degree of decentralization.
The existing literature on related topics follows three main directions. A number of studies concentrate on the relationship between the decentralization of government activities and corruption (e.g., Treisman, 2000; Fan et al., 2009; Enikolopov and Zhuravskaya, 2007) , while other analyses focus on the relationship between corruption and the shadow economy (e.g., Friedman et al., 2000; Dreher and Schneider, 2010; Buehn and Schneider, 2012a) . Moreover, some more recent works investigate the effect of decentralization on the size of the informal sector, finding a negative correlation (e.g., Torgler et al., 2010; Teobaldelli, 2011) .
Our work attempts to contribute to this debate by assuming a different perspective. We aim to understand whether decentralization may help keeping both corruption and the shadow economy in check and, at the same time, we want to identify how decentralization affects the relationship between corruption and the shadow economy.
To our knowledge, the literature that explicitly addresses this issue is scant. A previous attempt in this respect is provided by Alexeev and Habodaszova (2012) , who examine the implications of decentralization for the incentives of local governments to provide productivity-enhancing local public goods and extort bribes from local entrepreneurs. They show that locally raised tax revenues help limit the size of the informal sector, while corruption-measured by the size of bribes that local officials extort for issuing licenses-may increase or decrease, depending on the extent to which public goods are capable of enhancing the entrepreneur's productivity. Echazu and Bose (2008) study the impact of a centralized bureaucracy on corruption, taking into account economies with formal and informal sectors. The authors demonstrate that when corrupt officials are active in both sectors, bureaucratic centralization is advantageous only if restricted to the formal sector, since cross-sector centralization can lead to higher corruption and lower welfare. They conclude that the shadow economy may cause adverse effects on bribes and welfare, depending on the organization of bureaucracy and the productivity of the informal sector.
In line with this field of research, we try to advance and improve upon the literature in two ways. In terms of theory, we develop a model that provides an explanation of the transmission channels through which decentralization may influence, both directly and indirectly, the size of the informal sector as well 3 as corruption. Our analysis indicates that the link between the shadow economy and corruption is higher in centralized systems than in decentralized ones. In a unified country, individuals can avoid inefficient business regulations and taxes either by exiting from the official sector and going underground, or by bribing public officials, when this is possible. This implies that the level of corruption should be closely (and positively) linked to the size of the shadow economy. In a decentralized country, the competition among jurisdictions and the mobility of the agents might generate two kinds of effects on both corruption and the shadow economy. A first effect lies in the improvement of policies that leads directly to a reduction of both corruption and the shadow economy. A second effect proves to be indirect and relates to the fact that producers may now avoid the consequences of corruption by moving to other jurisdictions, that is, they do not necessarily need to go underground. This implies that in a federal system, a higher degree of corruption exerts a lower impact on the size of the shadow economy relative to a centralized one, because some of the agents will prefer moving to other jurisdictions and remain in the formal sector rather than going underground. As a result, the impact of corruption on the shadow economy is expected to be larger in centralized political systems relative to decentralized ones.
To test these predictions, we developed an empirical analysis based on a cross-country database of 145 countries that includes different indexes of decentralization, corruption and shadow economy.
The empirical evidence is consistent with the theory. We find that decentralized countries have smaller informal sectors than centralized ones and the difference between the sizes of the unofficial economy between the two institutional settings is important (on average, this is about four percent of the official GDP, ceteris paribus). Moreover, we find a larger effect of corruption on the shadow economy in centralized states relative to decentralized ones. Results are robust and significant even after controlling for the endogeneity bias.
The paper is organized as follows. Section 2 reviews the related theoretical and empirical literature.
Section 3 presents our theoretical approach and develops our hypotheses. Section 4 describes the empirical methodology, database and the estimation results. Section 5 concludes with a summary and discussion of the main results.
Related Literature

Previous studies on decentralization and corruption
A number of studies concentrated on the relationship between the decentralization of government activities and corruption, intended as the abuse of public power for private gains through rent extraction.
Theories suggested two alternative perspectives on why the structure of government institutions and of the political process may have an impact on the level of corruption. On the one hand, the classical channels through which decentralization exerts its beneficial effects, in terms of higher government accountability and efficiency, are competition among the different levels of government for mobile resources (Tiebout, 1956; Oates, 1999) and informational advantages (Hayek, 1948; Oates, 1972) . On the other hand, the main drawback of decentralization is its propensity to impede coordination between the different levels of government, which lead to inefficiently high taxes and regulatory burdens.
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At the empirical level, several scholars analyze the relationship between decentralization and corruption, reaching conflicting findings. Most studies find a higher degree of decentralization to be associated with lower levels of corruption (Shleifer and Visny, 1993; Fisman and Gatti, 2002a,b; Arikan, 2004; Lessmann and Markwardt, 2010) , yet other studies reach the opposite conclusion (Treisman, 2000; Treisman, 2006; Fan et al. 2009 ).
1 Treisman (2000) analyzes the determinants of corruption and finds that federal countries are associated with higher levels of corruption, controlling for the level of economic development. The author interprets this result, arguing that "in unitary states more effective hierarchies of control enable central officials to limit the extraction of sub national officials to more reasonable levels" (p. 441). He concludes that in countries characterized by low levels of development that are more exposed to corruption, the decentralization of political power may be problematic. Fan et al. (2009) advance this analysis by using a new dataset constructed by combining a crossnational dataset on different indicators of decentralization and firm-level survey data on corruption collected for 80 countries. They show that a larger number of administrative or governmental tiers and a larger fraction of local bureaucratic personnel are related to a greater occurrence of reported corruption.
However, greater sub national revenues are linked to lower corruption. The authors conclude that as government structures become more complex, the possibility of uncoordinated rent-seeking increases, whereas providing local governments with more autonomy in the administration of revenues helps to reduce the public officials' incentive to accept bribes. Fisman and Gatti (2002a) analyze the cross-country relation between decentralization and corruption and find that fiscal decentralization in government expenditure is associated with lower corruption. Their empirical results are strong and robust, even controlling, for a wide number of control variables as well as endogeneity bias, thus providing some support for theories of decentralization that highlight its benefits.
Taking a different perspective on the same topic, Fisman and Gatti (2002b) investigate whether distinct forms of decentralization differently affect corruption. In particular, they focus on the mismatch between revenue generation and expenditure decentralization in U.S. states in order to test the theoretical hypothesis that expenditure decentralization is effective only when combined with the devolution of revenue generation to local governments. The authors find empirical evidence that large federal transfers are related to a higher rate of conviction for bureaucratic corruption. Arikan (2004) analyzes, both theoretically and empirically, the influence of fiscal decentralization on the level of corruption and shows that a higher degree of decentralization is associated with a lower level of corruption. At the empirical level, this negative relationship is less clear and depends on the explanatory variables used. Lederman et al. (2005) study the impact of political institutions, including decentralization, on corruption. Their empirical analysis, based on panel data, indicates that political decentralization seems to increase corruption, while fiscal decentralization is likely to lower corruption. The authors however suggest that these conclusions need to be investigated more in depth. Enikolopov and Zhuravskaya (2007) develop an empirical analysis on a sample of 75 developing and transition countries based on a cross-section and panel data for 25 years in order to study the impact of fiscal decentralization on growth, public goods provision, and corruption as a measure of government quality. Their findings suggest that the beneficial effects of decentralization on corruption and economic outcomes crucially depend on the national political party system's strength that favors local politicians' discipline. Lessmann and Markwardt (2010) examine a cross-section of 64 countries using alternative decentralization and corruption measures in order to evaluate the positive effects of decentralization on corruption. They show that decentralization is effective in counteracting corruption if there is a supervisory body, such as a free press, able to guarantee the monitoring of bureaucrats' behaviors.
The empirical analysis of the effects of decentralization on economic outcomes clearly needs to place problems of the decentralization proxies' choice at its forefront. It has been argued that decentralization is beneficial in terms of accountability and good governance if accompanied by the devolution of decisionmaking powers to local units. Fisman and Gatti (2002a) highlight that it would be useful to have "a set of homogeneous and informative indicators of the extent of decision-making decentralization" in order to develop informative comparative analysis at cross-country level. The issue is also discussed in Rodden (2004) and Stegarescu (2006) . An index sometimes used in the literature to this purpose is a dummy variable that reflects whether a country has a political federal structure, based on the Riker's (1964) definition of a federal state, where the constitution guarantees sub national governments the power to autonomously rule and legislate.
2 However, it has been noticed that federalism may be an imperfect measure to the intention pursued, as "there can be both centralized and decentralized federations and, similarly, centralized and decentralized unitary states" (Lijphart 1984: 176) , even if federalism and decentralization tend to go hand in hand, especially in developed countries. An alternative measure often employed in the literature is the sub national share of total government expenditures (or revenues), but this measure is not immune from criticism either. Fisman and Gatti (2002a) recognize that there could be a weak correspondence between budgetary items and actual decision making. If the budgets of local governments are mandated from above, then greater decentralization does not correspond to effective expenditures and the revenue-raising power of subnational units. We try to contribute to the debate by proposing a new index of governmental decentralization that reflects the extent of the resources' devolution as well as the transfer of political responsibility to local entities. Table 1 recapitulates this strand of empirical literature.
6 Table 1 . Previous empirical studies on decentralization and corruption
Previous studies on corruption and the shadow economy
A growing body of literature analyzes the relationship between corruption and the shadow economy (and vice versa), trying to assess the complementarity and substitution effects, that is, whether the shadow economy and corruption are positively or negatively related to each other. The underlying idea is that in countries with a large informal sector, individuals bribe public officials in order to avoid taxation and regulatory burden. As a result, the shadow economy supports corruption since bureaucrats are induced to abuse their position because of the firm's propensity to pay bribes in order to hide their economic activities. At the same time, a pervasive corruption may act as an additional tax in the official sector, leading individuals to go underground in order to avoid government-induced distortions. This, in turn, may increase the size of the informal sector and trigger a detrimental vicious circle in which the shadow economy and corruption foster each other, making it difficult to assess the direction of the causal link between the two related phenomena.
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Both theoretical and empirical analyses have been put forward in trying to disentangle the interaction between the shadow economy and corruption. Johnson et al. (1998; develop a full-employment model in which individuals are employed either in the official or in the shadow economy in order to analyze the relationship between taxation and the provision of productive public goods. They derive implications about the effect of taxes and regulatory burden on the size of the informal sector and economic growth and highlight two different equilibriums that may characterize the economies. In the first case, tax distortions and the regulatory burden are low, public revenues are high, and the provision of public services is efficient, which leads to a small size of the informal sector. In the opposite scenario, the burden of taxes and regulation in the context of government-induced distortions induces a low quality provision of public services; as a consequence, people escape the official sector's inefficiencies by going underground. In this case, especially the financing of market-supporting institutions, including regulatory agencies and an honest public administration play a key role in limiting the informal sector development.
Following the predictions of the theoretical model, the authors analyze the relationship between regulatory discretion and the unofficial economy by developing a cross-section analysis based on a sample of 49 countries from OECD, Latin America, and transition economies during the mid-1990s. They find evidence that countries with an intensive regulatory burden are characterized by higher shares of the shadow economy, in a context of great bureaucracy inefficiencies and discretion in the implementation of regulatory rules. Corruption-as perceived by business-and a rule of law that is weak and ineffective in protecting economic activity against the public officials' abuses of power tend to be associated with larger unofficial economies.
In line with these findings, Friedman et al. (2000) evaluate the determinants of underground activity in 169 countries using data from the 1990s and find that firms operate unofficially not to avoid taxation, 7 but to mitigate regulatory burden and corruption. Corruption, bureaucracy and a weak legal system are systematically associated with a higher level of the informal sector. Dreher and Schneider (2010) develop an empirical analysis based on both a cross-section of 120 countries and a panel of 70 countries for the period 1994-2002. They find that corruption and the shadow economy are substitutes in high-income countries while they are complements in low income countries. In high income countries, characterized by a good rule of law, firms have the option to bring corrupted public officials to the court, when asked for bribes. In this case, corruption is more likely to take place in order to facilitate the official economic activity and obtain benefits from the public sector. In low income countries, on the contrary, the shadow economy and corruption are likely to reinforce each other, since corruption is employed by firms to keep their activity underground. Consequently, in these countries, it is natural to observe a positive relationship between the shadow economy and corruption, while in high income countries, the opposite holds true. However, the authors specify that this mixed result depends on the indicators chosen to measure corruption as well as on how regressions are specified. Buehn and Schneider (2012b) test the relationship between the shadow economy and corruption using a structural equation model that treats the shadow economy and corruption as latent variables. They find a positive relationship between the shadow economy and corruption and show that the causal effect of the shadow economy on corruption is stronger than the effect of corruption on the shadow economy. Table 2 summarizes this empirical literature. 
The Model
The Framework
We consider an economy with a unique final good that can be produced by two sectors, the formal and the informal one. Each agent i is a consumer-producer that can produce in the formal sector using a
Cobb-Douglas production function with constant returns to scale in labor f i x , and in the quantity of per-8 capita public goods and services g, that is,
. Production in the informal sector does not require the input provided by the public sector and the production function of this sector is
where s i x , is the amount of labor employed in shadow activities and A is a positive constant related to the efficiency of underground production.
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Each agent i supplies inelastically 1 unit of labor, 1 , ,
, and chooses his optimal allocation between the two sectors, maximizing the income produced net of taxes. We assume that income in the formal sector is perfectly observable by the tax authorities and can be taxed at a constant rate
while production in the unofficial economy is completely unobservable and, therefore, cannot be taxed.
The economy consists of a continuum of individuals of measure 1.
We also assume that each individual is controlled by the bureaucracy when it comes to the respect of regulations and that the bureaucrat can impose a sanction equal to a fraction ]
of the net income in the formal sector even when the producer is respecting the rules, that is, the net income in the formal sector is equal to
The inefficiency of the bureaucratic system and regulations implies that producers will have to incur the payment of the sanction imposed with a certain probability. We assume that this probability is a function of the inefficiency of the bureaucratic system, which is denoted by
, so that with probability ) ( q , with 0 ) (
, the producer has to pay the sanction, while with probability ) ( 1  q  , the sanction is cancelled. The individual can avoid the risk of paying the sanction by bribing the bureaucrat. The bribe that has to be paid is set by the bureaucrat by making a takeit-or-leave-it offer to the individual and is denoted by B. This assumption aims at capturing the idea that higher levels of inefficiencies in the organization of bureaucracy and regulations favor corruption as widely documented in the literature. To simplify the analysis and without loss of generality, we assume that ) ( q is a linear function, that is,
The revenues of the public sector are spent on the provision of the productive public services and the government budget constraint can be written as
where G is the total amount of public goods (so that g=G/n), n is the number of individuals, and  is a parameter measuring the efficiency of the public sector in producing the public goods and services. We assume that higher inefficiency  of the bureaucracy and regulations reduces the efficiency of the public 9 sector in this production, so that
The degree of inefficiency  and the tax rate t are chosen by an incumbent politician whose monetary rent R corresponds to a fraction
of the bribes of bureaucrats. In choosing these two policy variables, the politician maximizes a weighted average of its own utility and the utility of the median voter (e.g., Panizza, 1999) . The objective function of the politician can be written as
where i y is the net income of the median voter. The parameter  can be interpreted as an inverse measure of the democratic quality of the country.
We will consider two organizational models of society-a centralized state in which policy decisions ) , (  t are made at the centralized level and a federal state within which policy decisions are the responsibility of each jurisdiction. In order to simplify the analysis and exposition, we assume the existence of two identical jurisdictions. Each individual can move freely among the two jurisdictions by bearing a cost i C . Individuals are heterogeneous with respect to moving costs and the probability distribution function is denoted by )
Characterization of the equilibrium
We now solve the model by determining the equilibrium policy in a unitary state. Then, we characterize the equilibrium policy in a federal system and discuss the implications for the shadow economy and corruption.
The equilibrium in a centralized state
The level of bribe set by the bureaucrat is such that each producer is indifferent to choosing between bribing the bureaucrat and accepting the gamble represented by the sanction, that is,
where the left hand side represents the expected income when the individual does not bribe the bureaucrat while the right hand side is the income when the latter is bribed. In the first case, the citizen pays a fine 
where we have used the fact that all agents are identical and have a mass equal to 1.
From (1) and (3) and the fact that all agents are identical, and therefore x x i  for all i, it follows that the government budget constraint can be rewritten as
Taking into account (1), (2) and (6), the disposable income of agent i is
where i x denotes the amount worked by agent i in the informal sector.
For any given level of taxation t and inefficiency  of bureaucracy and regulations, the individual chooses an allocation of labor in the two sectors that maximizes i y . The following lemma reports the solution to this problem.
Lemma 1. The optimal amount of labor employed in the informal sector by each individual is
The amount worked in the informal sector is monotonically decreasing in  and is minimum at 
it is decreasing in t when   1 t , and vice versa.
From (9), we obtain that the first order condition is
Substituting the government budget constraint (8) and taking into account that
is monotonically decreasing in  since it is equal to
with respect to t , we obtain
which means that the function has a minimum at
The optimal allocation of labor is such that the marginal revenues in the two sectors are equalized. A higher inefficiency of the bureaucracy and regulations increases the amount of labor employed in the shadow economy through two channels. On the one hand, it reduces the productivity in the formal sector by increasing corruption by bureaucrats and politicians and, on the other hand, it reduces the level of public goods and services for any given level of taxation. Instead, a higher level of taxation has nonmonotonic effects on the shadow economy. It reduces the labor in the informal sector when it is relatively low and increases it at higher levels. In fact, a higher tax rate reduces the income in the formal sector, but it also allows more provision of productive public services and, therefore, a higher marginal productivity of labor in the formal sector. At low levels of taxation, the latter effect dominates and vice versa.
We now determine the optimal policy choice ) , (8), we obtain that the disposable income of each citizen is
Using the envelope theorem, it follows that
which implies that i y is maximized at
Using the expression (1) of the production function in the formal sector and the government budget constraint (8), the monetary rent of the politician can be rewritten as
It can be shown (see the proof of Lemma 2) that the values of ) ,
maximizing the politician's rent are
The following lemma summarizes these results. maximizes the net income in the formal sector. However, the politician has a different preference for the level of efficiency of the state apparatus, whose optimal value corresponds in this case to the level which balances the two opposite effects that  exerts on R. On the one hand, a higher  allows the politician to appropriate a higher fraction of production in the formal sector. On the other hand, a higher  fosters corruption and reduces the amount of productive public services provided. This latter effect increases the incentive to supply more labor in the shadow economy, which reduces both the production in the formal sector and the amount of politician's monetary rents deriving from corruption.
Lemma 2. The optimal policy for the citizens (median voter) is setting the tax rate at level
The presence of these opposite effects leads the politician to prefer intermediate values of  .
The following proposition characterizes the optimal policy for the politician in a centralized system.
Proposition 1. The optimal policy for the politician in a centralized state is setting taxation at level
and the efficiency of the state apparatus and regulations at a level 
The equilibrium in a federal state
We now move to characterize the policy ) , (  t in a federal system. In this case, the optimal policy of the median voter is unchanged. The rent of the politician in jurisdiction 1 is
is the size of individuals in jurisdiction 1
is the net flow of individuals from jurisdiction 2 to jurisdiction 1. Note that the expression for 1 R has the same expression as the one at the centralized level reported in (15), with the difference that the size of the citizens is now 1 n rather than 1. Similarly, the rent of the politician in jurisdiction 2 is 2 2
Assume that the policy vector ) , , , (
there is a net flow of individuals from jurisdiction 2 to jurisdiction 1. All individuals of jurisdiction 2 with 
.
y t y t if y t y t h t t F y t y t if y t y t
From (18), it can be verified that the function ) , , , (
has the following properties: The following lemma characterizes the Nash equilibrium policy in a federal state when politicians maximize their rents and agents can move across jurisdictions. Proof: See the Appendix. ■ Lemma 3 states that the competition among jurisdictions leads them to improve the efficiency of the state apparatus, that is, to choose a more efficient bureaucracy and regulations (i.e., a lower  ). The next proposition defines the Nash equilibrium policy in a federal state when politicians also take into account the utility of the median voter, and therefore maximize the utility reported in (4).
Proposition 2. The Nash equilibrium policy in a federal state is
    1 m F t t and ) (   F F  , where F  is decreasing in  with 0 ) 0 (  F  and r F    ) 1 ( . Moreover, ) ( ) (     C F  for any [0,1]   .
Proof:
The results are straightforward from the proof of Lemma 3 and Proposition 1. ■ From Proposition 2, it follows that the tax rate in a centralized and in a federal state are the same.
The rationale is that the politicians choose the tax rate maximizing the income in the formal sector from which they can extract rents through bribing. However, the level of inefficiency of the state apparatus is lower in a federal state than in a centralized system. These two facts imply that both the level of corruption and of the shadow economy are lower in a federal system as shown in the following proposition.
Proposition 3. The level of the shadow economy and corruption are lower in a federal state than in a centralized country.
Proof: The result on the shadow economy follows from the fact that the labor employed in the informal sector is monotonically decreasing in  (see Lemma 1) and that
Proposition 2). The result of corruption comes from the fact that the level of corruption B in (6) and the monetary rent R of the politician are positively related. Hence, from ))
As we have clarified above, a higher level of corruption increases the production of the informal sector. However, this effect is likely to be different in a centralized state with respect to a federal system.
In particular, an increase in corruption in a federal system may have a lower impact on the shadow economy as long as the individuals of some jurisdictions (those with lower moving costs) find it optimal to move to other jurisdictions. To clarify this point, let us consider an exogenous increase in the level of corruption B in a centralized state due to an increase in  or in the fraction of product a in the formal sector that can be extorted by a bureaucrat. This leads to an increase in the labor employed in the shadow
. Now, let us consider this increase in corruption in a federal state and assume that this is not uniformly distributed in all jurisdictions (e.g., let us consider the extreme case where it is concentrated in jurisdiction 1). As the individuals with lower migration costs find it optimal to move in 14 other jurisdictions, the same increase in corruption implies an increase in the labor employed in the
represents the size of agents moving from jurisdiction 1 to 2. In other words, the same increase in corruption should increase the shadow economy in a centralized state by 0
relative to the increase in a federal state. 
Empirical analysis
In this section, we empirically test the two main policy implications of the theoretical model (Propositions 3 and 4). However, there are some practical problems associated with the empirical analysis of the relationships among measures of decentralization, the shadow economy and corruption. Section 4.1 describes these econometric hitches and how we deal with them. Section 5.1 illustrates the empirical methodology and the estimation results.
Data Description
There are three major practical problems associated with the empirical analysis of the relationships among measures of decentralization, estimates of the shadow economy and indexes of (perceived) corruption.
The first corresponds to the measurement errors of the existing proxies of these phenomena.
Decentralization is a multidimensional concept that has political, fiscal, cultural and geographical features.
Thus, defining a suitable index to compare the degree of decentralization among countries is a particularly hard task. Concerning the shadow economy, as specialists in this field know quite well, all the estimates of the shadow economy are indicative and no one can really claim to be confident of the full reliability of their estimates (Dell'Anno and Schneider, 2008) . A similar concern exists for corruption. While there are practical reasons for using the index of perception of the size of corruption, several studies consider this measurement approach as biased by cultural factors (e.g., Mocan 2004; Andvig 2005; Søreide 2005) . As a result, the criticism that these indexes reflect the quality of a country's institutions more than the actual size of "misuse of public power for private benefit" 5 is sound.
The second practical problem is the issue of endogeneity. In this study, this issue is due to the aim of explaining the interaction between two related phenomena, as the shadow economy and corruption conditioned to the degree of decentralization. For instance, Buehn and Schneider (2012a) find a bidirectional causal effect between the two phenomena. They estimate that the positive effect of the shadow economy on corruption is stronger than the positive effect of corruption on the shadow economy.
A third departure from the assumptions of the classical linear model is the potential bias due to multicollinearity. While highly correlated variables in the right hand side of a regression equation does not reduce the reliability of the model as a whole, the coefficients are less significant with wider confidence intervals; therefore, the interpretation of the regression coefficients is harder. To examine the joint effect of decentralization and corruption on the shadow economy means to include among the regressors of informal economy some index of decentralization together with other control variables. 6 It makes this violation of one of the assumptions of the classical linear model a difficult issue to overcome.
In the following, we deal with these three concerns. On the first issue -measurement errors -several indexes of the perception of corruption, decentralization and the shadow economy are used. Although this approach does not correct the measurement errors, it is a reasonable way to check indirectly the robustness of the estimates across different "inexact" measures.
The consequences of measurement errors and the lack of reliable indexes for corruption, decentralization and the shadow economy is one of the most relevant shortcomings in this strand of literature. As a result, we describe below how we attempt to minimize these inaccuracies in the data. 
where the subscript i indicates the countries. Sample ranges from a minimum of 88 ( Data on shadow economy are extracted by Buehn and Schneider (2012a) . They estimate the size of the shadow economy as a percentage of the official GDP by a MIMIC approach (Shadow i ). From their panel of countries, we calculate the average of all available estimates over the period from 1999 to 2007 for the 145 countries of our sample. To check robustness, the correlations with other indexes of informality are estimated (Table 3) . These alternative proxies are calculated as the averages, from 2005 to 2010, of "Percent of firms competing against unregistered or informal firms" (Inf_Comp) and "Percent of firms identifying practices of competitors in the informal sector as a major constraint" (Inf_Relev). The source of data for both the variables is the World Bank (Enterprise Surveys). Table 3 . Correlation matrix of proxies of the Shadow economy Table 3 shows that these indicators are positively correlated as expected. Taking into account that Inf_Comp and Inf_Rel do not measure the same "item" estimated by Buehn and Schneider (2012a) 9 , we are quite confident that this output supports, at least in a rough way, the reliability of Buehn and Schneider (2012a) estimates. Considering that Buehn and Schneider (2012a) estimates have both the widest coverage of countries (145 instead of 108) and they are much closer to the concept of shadow economy relevant for this study, these estimates are thus employed in the following. check the robustness of our own indicators, we also consider two proxies of fiscal decentralization estimated by the World Bank (Fiscal Decentralization Indicators) calculated for a longer time period . These are sub national expenditures as a percentage of total expenditures (Subexp 72-00 ) and sub national revenues as a percentage of total revenues (Subrev 72-00 ).
10 A second set of proxies of decentralization looks at the political and administrative dimensions of the public decision-making process. These are three dichotomous variables (where "1" denotes the federal state) provided by Treisman (2007, here labelled D1_Dec), Persson and Tabellini (2003, D2_Dec) and Fan et al. (2009, D3_Dec) .
A preliminary investigation of the reliability of these proxies to measure the same topic and of the signs of correlation among the three analyzed phenomena is possible by examining the correlation matrix (Table 4) . are not correlated to the other measures of decentralization. As there are no theoretical reasons behind these differences among indexes, we interpret this result to be a consequence of data limitation. D1_Dec i ,
D2_Dec i , Subexp 72-00 and Subrev 72-00 include between 70 and 140 countries while D3_Dec i, Exp_Dec i and
Rev_Dec i have a sample size that ranges from 45 to 68. Thus, we hypothesize that different signs of correlations are due to the sample selection bias. Examining the distributions of data across the countries, missing values on the second group for decentralization proxies are concentrated on the less developed countries. Seeing that these countries are frequently characterized by higher levels of corruption, there is thus the suspicion that the orthogonality between D3_Dec i, Exp_Dec i and Rev_Dec i and the indexes of corruption may be caused by a selection bias. This hypothesis points out a potential drawback for crosscountry analyses that use just one proxy of decentralization. To control this shortcoming and preserve the sample size, a new dichotomous variable based on the seven indexes collected in our dataset is proposed.
It takes values of 1 if the country is defined as decentralized. It is calculated as follows: 
where: 10 Dataset is available at: http://www1.worldbank.org/publicsector/decentralization/fiscalindicators.htm#Formulas. The second result of correlation analysis refers to the signs of the statistical relationships among the three phenomena (Table 5 ). In line with the main literature, estimated correlations validate a positive sign between the shadow economy and corruption (e.g., Buehn and Schneider, 2012b) , a negative sign between the shadow economy and decentralization (e.g., Teobaldelli, 2011) and a negative sign between corruption indexes and the decentralization dummy (e.g., Fan et al., 2009 ). With reference to the second statistical difficulty of this analysis -endogeneity -we apply the instrumental variables (IV) approach to address the endogeneity of corruption, the shadow economy and other variables related to economic development. However, the estimation bias associated with ordinary least squares (OLS) estimates of endogenous variable has no severe effects on statistical outputs.
On the third concern common in this strand of literature -multicollinearity -the Coefficient Variance Decomposition (CVD) proposed by Belsley et al. (1980) 13 is applied to investigate if and which coefficient estimates are strongly affected by high correlation among regressors. If the degree of collinearity is severe, we apply the main conventional methods proposed in literature to deal with this issue. First, we use alternative model specifications with several variables to check the robustness of statistical tests. Second, the high correlate explanatory variables are dropped. Third, to attenuate multicollinearity consequences, the models including variables with a larger sample size are preferred (e.g.,
CPI i
Corr , Shadow i , DT_Dec i ). This is because the larger the sample size, the smaller is the standard 11 We also discriminate between centralized and decentralized country according to the threshold of 50% of the ratio between sub national and national expenditure and revenue. However, following this procedure, only 13 countries out of 145 can be defined as "decentralized". In the authors' view, it is an unreasonable binding criterion to identify the decentralized country. 12 According to D k ranking: Canada (7); Switzerland (7); Argentina(5); Brazil (3); India(3); Japan (3); Turkey (3); United Kingdom (3); Austria (1); Denmark (1); Ireland (1); Lithuania (1); Luxembourg (1); Malaysia (1); Mexico (1); Morocco (1); Pakistan (1); Russia (1); Sweden (1); United States (1). 13 This approach providing information on the eigenvector decomposition of the coefficient covariance matrix. It is a useful tool to diagnose multicollinearity problems amongst the regressors. Belsley et al. (1980) propose that degrading collinearity exists when one observes both (a) at least a condition number of the matrix smaller than 1/30 2 (0.001) and (b) two or more variables with values greater than 0.5.
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error. This approach leads to specify a model where the estimated coefficients of the variables of main interest are not affected by severe collinearity.
Following previous guidelines, we include several control variables into the dataset. They capture a broad range of theoretically plausible determinants of corruption and the shadow economy in the hope of reducing omitted variable bias, endogeneity and multicollinearity sources.
With reference to institutional quality, La Porta et al. (1999) state that greater protections of property against the state embodied in common law systems improve government performances, including reducing corruption. Thus, following Treisman (2000), we consider dummies for the legal origin. It is because civil law systems differ on this dimension from common law systems. Taking into account that these variables have good performances to control for endogeneity, we also include the colonial heritage of countries as instruments in several TSLS model specifications. Sources of these variables are Treisman There is abundant empirical literature that includes, among the controls of corruption, regressions proxies of economic development. One of the most used is the Real GDP per capita (LGDP_cap). Other controls are the level of education (School), the size of public sector (Gov_size) and some proxies of institutional environment, for example, index of political rights published by Gastil index, Freedom House, etc. About the latter, considering that the political indexes are relevant sources of multicollinearity and endogeneity for our variables of interest, we opt to drop these variables from regressions as their variability is already adequately accounted by the other explanatory variables. We also consider the urbanization rate (urban) in TSLS specifications to instrument the LGDP_cap.
With reference to the controls of the shadow economy, we further include self-employment (Self) and tax revenue as percentage of GDP (T_rev).
Empirical results
In this section, we convert the main conclusion of the theoretical model (proposition 3 and 4) in testable regressions.
Test on Proposition 3.
Proposition 3. The level of the shadow economy and corruption are lower in a federal state than in a centralized country. In Table 6 and 7 are tested regressions (25) and (26) Newey and West (1987) . They are consistent in the presence of both heteroskedasticity and autocorrelation of unknown form. Table 7 , we find a negative correlation between decentralization and the size of the shadow economy, as expected. This result is robust to multicollinearity and endogeneity.
According to these findings, we conclude that empirical evidence supports Proposition 3: Corruption (Table 6 ) and Shadow Economy (Table 7) will be lower in countries with greater decentralization.
Test on Proposition 4
Proposition 4. The positive effect of corruption on the shadow economy is higher in a centralized country than in a federal state.
The statistical test is performed by splitting the sample into two groups: d (decentralized) and c (centralized countries) and testing if 11 0, dc     . Consequently, the following regression is estimated:
where d+c=n. In particular, decentralized or federal states are the countries with DT_Dec i equal to one.
We also include different controls. For models 7, 8 and 9, we include among the determinants of the shadow economy the index of decentralization also.
Models from 10-F to 14-F are estimated on the whole sample of countries. On the contrary, estimates for models 10-C to 14-C are based on centralized countries (i.e. DT_Dec i = 0), while from 10-D to 12-D, the coefficients are estimated on the sub-samples of decentralized states. In Table 8 , we report robust empirical findings supporting theoretical model. Decentralized countries have lower shadow economy than centralized states. In average, the difference between the sizes of the unofficial economy and the two institutional settings is about four percentage points, ceteris paribus. Table 9 shows the estimates of corruption carried out on the two subsamples of centralized and To take into account the problem of endogeneity for the control variables, we use both the set of dummy variables of legal origin and colonial dominance. Focusing on the differences between corruption indexes in the two sub samples, we find that a larger effect of corruption is associated with a centralized 22 state. Thus, Proposition 4 that stipulates that the impact of corruption on the shadow economy will be lower in countries with greater decentralization is empirically supported by data.
Conclusions
In this paper, we have examined theoretically and empirically how decentralization affects the relationship between corruption and the shadow economy. The literature that specifically analyzes this relationship appears to be limited and only focuses either on the implications of decentralization for the development of both the informal sector and corruption, or on the impact of a centralized bureaucracy on corruption, taking into account the existence of underground economic activities and their adverse effects on bribes and welfare.
We try to advance the existing literature on the subject in two ways. Firstly, we theoretically analyze the transmission channels through which decentralization may influence both corruption and the development of the informal sector, by also considering the occurrence of indirect effects that could lead these two related phenomena to affect each other. Secondly, from a methodological perspective, we propose a new proxy of decentralization that reflects the different indexes of decentralization. This is aimed to overcome the difficulty related to the empirical use of decentralization measures. It is due to both the complexity of the concept -which implies a scarce adherence of the existing indexes, singularly considered, to its real extent -and the large presence of missing values in available indicators.
In particular, our theoretical model predicts that decentralization is conducive to improving the quality of government intervention, leading to both a lower size of the shadow economy and a lower level of corruption. Moreover, we have demonstrated that decentralization also works indirectly in keeping the shadow economy and corruption at bay, as in more decentralized systems, individuals have the possibility to avoid corruption by moving to other jurisdictions, rather than operating informally. This implies that a higher degree of corruption exerts a lower impact on the shadow economy in more decentralized countries.
In order to test the model's implications, we have developed an empirical analysis based on a crosscountry database of 145 countries that includes a number of different indices of corruption, decentralization and the shadow economy.
The empirical evidence supported the two main results of the theoretical model: (1) decentralization is significantly associated with lower shadow economy and corruption and (2) the impact of corruption on the shadow economy will be lower in countries with greater decentralization. While the tests performed should be treated with caution, due to the problems associated with measurement issues and endogeneity, we can still derive substantial policy implications. Decentralization proves to be an essential precondition for the efficient government provision of productive goods and services as well as the accountability of governments, which facilitates the producer's choice to operate in the official sector. This turns out to be particularly relevant in the debate over the optimal institutional design that concerns both developing and developed countries, before proceeding to welfare state reforms. 
Substituting (11) and (12) into respectively (A.1) and (A.2), we obtain
First, note that the sign of both derivatives is determined by the components within the square brackets.
Rearranging terms in the square bracket of (A.4), we obtain the tax rate solving this equation to be
. From the square bracket of (A.3), it follows that there is a unique level of  , which we call p  , solving the equation
In fact, the first component is positive while the other three are negative since 0    . Moreover, the first component is decreasing in  as a higher level of  increases the labor x employed in the shadow economy (see Lemma 1), while the other three components are increasing (in absolute value) in  . This can be shown by considering the absolute value of these three components, and we can define
Then, we have that 
Proof of Lemma 3
From Lemma 2, it is straightforward that both politicians tax at the rate (11) and (12), the reaction functions of the two politicians with respect to  are the following:
where 0 ) (
Since the equilibrium is symmetric, FDI, LGDPcap and Gov_size are exogenous. Instruments are: t_open; t_rev; urban; britcol; frencol; spanporc; othercol and noncol. 34 
